Aim: To review the investigation, patterns of injury and short-term outcomes of infants younger than 12 months of age who presented more than 24 h after head injury with an isolated scalp haematoma. Methods: A retrospective chart review of infants who presented with a head injury to the emergency department of a major paediatric hospital between 2006 and 2016. Patients were included if they presented more than 24 h after the injury, were clinically well and had a documented scalp haematoma. Charts were abstracted using a standardised instrument to yield patient characteristics, mechanism of injury, imaging performed, identified injuries and patient outcome. Results: A total of 2433 records were reviewed, with 157 included in the study. The mean age was 7.5 months (standard deviation 2.6). Of the patients, 14 had a documented palpable skull fracture; 43 patients had a skull X-ray reported as a fracture; 13 patients had cranial ultrasounds with 3 reported as having a fracture; 124 patients had computed tomography head imaging, with 112 demonstrating a fracture; and 52 patients had acute intracranial abnormalities. There were nine unplanned representations (5.7%). No patients required any neurosurgical intervention. Conclusions: Infants presenting after 24 h with isolated scalp haematomas had good short-term outcomes despite a high prevalence of underlying injury on imaging. Expectant management, rather than imaging, may be a valid approach in this patient population. However, some of these injuries may have been the result of inflicted injury, and all of these patients require a robust assessment regardless of the decision to use a computed tomography scan.
1 Clinical decision rules for paediatric head injury result in a large number of normal computed tomography scans. 2 There is a lack of evidence to guide the management of infants with delayed presentation following minor head injury. 3 Isolated scalp haematomas are associated with a low risk of clinically important injury.
What this paper adds
1 Infants who present more than 24 h after head injury with an isolated scalp haematoma often have skull fractures but have a very low risk of requiring neurosurgical intervention. 2 Expectant management may be a valid alternative to computed tomography in this patient population. 3 These patients require a thorough risk assessment for inflicted injury.
Paediatric head injury is a common and increasing reason for emergency department (ED) attendance world-wide. [1] [2] [3] While most injuries are minor, a small subset of patients will suffer traumatic brain injury, which is the leading cause of preventable death and disability amongst children. 4 Disability results in significant impairment of quality of life and has broader economic and social impacts. Head injury) studies. 4, 6, 7 With minor variations, the resultant decision rules all identify the presence of a scalp haematoma as a risk factor for clinically important traumatic brain injury.
Scalp haematoma may be the only sign of an acute brain lesion in infants 8 but is most frequently associated with isolated linear skull fractures, the majority of which do not require neurosurgical intervention. 9 More recent research has suggested that patients with an isolated scalp haematoma have a negligible risk of requiring neurosurgical intervention.
10
Of the major decision rules, only the CHALICE study included patients presenting more than 24 h after the initial injury. This study identified a bruise or swelling greater than 5 cm as a risk factor for clinically important injury in children younger than 12 months of age. Those presenting after 24 h who were positive for clinically significant intracranial injury represented just 0.05% of all patients who underwent imaging. 4 The limited available evidence suggests that the risk of neurological decline and neurosurgical intervention in head-injured children presenting after 24 h is very low.
11,12
Decision rules regarding advanced imaging in paediatric head injury have been incorporated into management guidelines world-wide. Derivation of these rules aims to achieve a high sensitivity for clinically important brain injuries. However, the majority of CTs performed as a result of the strict application of these rules result in normal scans with no change in patient management. 13 The negative of ionising radiation in children has been well established, and sedation is often required for infants undergoing CT, which is not without risk. 14, 15 It is clear, therefore, that there is scope to identify a subset of children who present following head injury where observation, rather than CT, may be a safer option. The aim of this study was to review the investigation, patterns of injury and short-term outcomes of well infants younger than 12 months of age who presented more than 24 h after head injury with an isolated scalp haematoma. Inclusion criteria were infants aged less than 12 months and presentation more than 24 h after the injury, with a scalp haematoma as the only indication for CT imaging. Participants were excluded if the history or examination included any of the following: altered mentation, vomiting, focal neurology, seizures, suspected penetrating or depressed skull injury or tense fontanels. Cases of suspected inflicted injury were not excluded.
Methods
An initial electronic search was obtained from the ED electronic medical records (Health E-care v3.2; M-Care Systems, Sydney, New South Wales, Australia) for all possible head injuries in infants younger than 12 months old at the time of presentation. ICD-10 codes from S00 to S09 (injuries to the head) were used as the primary search terms to identify all possible patients.
A secondary manual search was performed, on the primary electronic results, by a single investigator to identify all patients who were eligible for inclusion in the study; 20% of these records were searched by a second investigator to ensure validity.
From the remaining cohort, data were extracted manually by study investigators using a standardised instrument. Data were then entered into an electronic database (Access; Microsoft, Redmond, WA, USA) for processing. Data entry was double checked by a second investigator prior to data analysis.
The primary outcome was the incidence of injuries requiring an acute intervention, defined as those requiring neurosurgical intervention, admission to the paediatric intensive care unit or resulting in death. Secondary outcomes were the prevalence of skull fractures and acute intracranial abnormalities on imaging not requiring acute intervention and any unplanned representation for the same injury.
Data were analysed using SPSS version 22.0 (IBM, Armonk, NY, USA) to obtain simple frequencies and descriptives. Logistic regression analyses were used to explore associations between haematoma size and the presence of any skull fracture and any intracranial injury.
Exact chi-square tests were used to examine associations between mechanisms of injury and the presence of any skull fracture and any intracranial injury.
Results
The initial electronic search identified 2433 potential patients for inclusion. The manual search excluded 2180 patients presenting within 24 h. A further 75 patients were excluded due to the absence of a scalp haematoma, with a further 21 excluded for not meeting the definition of a well infant (i.e. met the exclusion criteria). A total of 157 patients were included in the analysis (Fig. 1) . Table 1 describes the characteristics of the study population.
No patients had injuries requiring an acute intervention. No patients required neurosurgical intervention, admission to the paediatric intensive care unit or died because of their head injury.
There was no evidence that haematoma size was associated with the odds of fracture (odds ratio = 1.06 per cm, 95% confidence interval 0.80-1.42, P = 0.68) or the odds of intracranial injury (odds ratio = 1.03/cm, 95% confidence interval 0.85-1.23, P = 0.80).
There was no statistical association between mechanisms of injury and the presence of a skull fracture (P = 0.96) or intracranial injury (P = 0.33). Table 2 describes the clinical outcome measures. Of the patients, 124 (79%) underwent CT head, with 112 (90%) of these demonstrating a skull fracture; 102 (91%) of the fractures were linear, and 90 (80%) were parietal; and 72 (58%) of patients who were scanned had no acute intracranial abnormalities on CT. In the 52 patients with intracranial findings, epidural, subdural and undifferentiated extra axial haematomas were the majority of lesions identified. A total of 51 patients had skull Xrays prior to attending the ED, with 43 of these identifying a fracture, and 13 patients had skull ultrasounds, with three confirmed fractures. No patients had any chronic findings on CT.
Of the patients, 105 (67%) were discharged directly from ED, with 47 referred to their GP and 58 referred to neurosurgical outpatients for follow-up; 51 (32.5%) patients were admitted to the hospital under the care of neurosurgeons for observation and discharged with follow-up in outpatients. One patient was admitted to the ED short-stay unit for observation and referred to their GP for follow-up.
A total of 73 patients attended neurosurgical outpatients for review at a mean of 39 days (standard deviation 22) from presentation; 62 of these were discharged to their GP at this appointment, with the rest given a second appointment.
Nine patients had unplanned representations, of whom six had been originally discharged from ED. Two were recalled due to additional findings on the original CT when reviewed by a consultant radiologist. These patients were subsequently referred to the child protection unit (CPU). All returning patients had CT scans, either at original presentation or at the time of representation, and had linear skull fractures. Patients returning after discharge from ED generally had irritability or expanding haematomas and were either CT scanned, observed or reassured.
None of these patients had injuries requiring an acute intervention diagnosed at representation.
Of the patients, 54 (34%) were referred to the CPU, the most common reason being delayed presentation to medical services. Table 3 describes the reasons for CPU referral.
There was documented reporting to Family and Community Services (FACS) on 11 patients, 9 by ED staff and 2 by CPU staff. Due to the confidential nature of the CPU and FACS medical records, it was not possible to gain further information on the outcomes of referrals or to define a level of suspicion for inflicted injury as part of this study. Two patients were noted to have burns or bruising on general examination, and five other patients who had documented further CPU investigations had normal results. One patient was clinically thought to be at high risk of inflicted injury but had a CT that showed no fracture or intracranial abnormality. The patient was appropriately referred to CPU and FACS by ED staff and discharged home after consultation. This patient was readmitted 6 weeks later to the paediatric intensive care unit with a new head injury, which was thought to be inflicted in aetiology.
Discussion
This study has demonstrated that well infants presenting more than 24 h after head injury with a scalp haematoma are at negligible risk of injuries requiring an acute intervention. These findings are consistent with a recent retrospective review by Sellin et al. of 76 patients over 2 years, reviewing children younger than 24 months old who presented more than 24 h after injury with scalp swelling after minor head trauma. No patients in that study required neurosurgical intervention or experienced a neurological decline or alteration in neurosurgical management from CT imaging. 12 We have also shown that when a CT head has been performed, the majority (112/124, 90%) of children have skull fractures, and a significant number (52/124, 42%) have acute intracranial abnormalities. However, these findings did not result in any neurosurgical interventions. This is also consistent with previous research. In a secondary analysis of the PECARN dataset of almost 3000 patients who had an isolated scalp haematoma, only 570 (19%) patients had CT head, and of those, 50 (8.8%) had traumatic brain injuries. Clinically important traumatic brain injuries occurred in only 12 patients (0.4%), but none underwent neurosurgical intervention. 10 In the PECARN study, isolated, non-depressed skull fractures were not considered traumatic brain injuries. In a smaller study of 422 patients, where 172 had imaging, 45 (11%) had a skull fracture, and 13 (3%) had an intracranial injury. 16 All of Sellin et al.'s patients had a CT head, and they describe isolated linear/non-displaced skull fractures in 33 of 78 (42%) of patients, linear/non-displaced skull fractures with associated extra-axial haemorrhage (epidural or subdural hematoma) in 32 of 78 (41%) and a normal CT head in 4 of 78 (5.1%). 12 These results are almost identical to our results, and the higher rate of skull fracture in this and our study is probably related to the population group, that is, patients presenting with a scalp haematoma more than 24 h after injury may be more likely to have an underlying skull fracture. History unclear 1 (1.9) Not described 14 (25.9) The relatively high incidence of skull fractures and acute intracranial abnormalities in our study and that of Sellin et al. of asymptomatic infants is also consistent with previous studies. 17 Being asymptomatic does not exclude the possibility of a skull fracture or underlying injury in these children. However, as we have demonstrated, the risk of requiring a neurosurgical intervention is negligible.
Scalp haematomas were frequently characterised as 'boggy'. This term has been used in some studies as an indicator of larger size and increased risk of skull fracture. 7, 9, 16 However, there is no consensus of what constitutes a 'boggy' swelling. We suggest that this term should be avoided when documenting physical examination findings in favour of a more precise description of haematoma size, location and consistency. The American Academy of Pediatrics guidelines identify a delay in seeking treatment as a concerning feature for inflicted injury. 18 In New South Wales, Australia, staff use the Mandatory
Reporting Guide from FACS to identify children at significant risk of harm once the suspicion of inflicted injury is raised. 19 The guide suggests that any child with a scalp haematoma has a 'suspicious' injury and that a skull fracture is a 'significant' injury. According to this matrix, all children with scalp haematomas, where there is a proven or suspected underlying skull fracture, have a risk of significant harm and should be immediately reported to the Child Protection Helpline. From our study, with the information available, only 34% were referred to CPU and even less to FACS via the Child Protection Helpline. The reason for this was beyond the scope of this study; however, considering the current literature, it may be because medical staff are associating negligible risk of injuries requiring an acute intervention with low risk of inflicted injury. We were unable to define a level of suspicion for inflicted injury, but Sellin et al. had 64 (82%) instances where inflicted injury was thought to be unlikely (Lindberg scale score, 1-3), 8 (10%) instances where the inflicted injury evaluation was indeterminate (Lindberg scale score, 4) and 6 (8%) instances where inflicted injury evaluation revealed a high concern of abuse (Lindberg scale score, 5-7). We know that, in our cohort, two patients were recalled due to suspicious findings on CT after scans were reviewed by senior radiologists, and one patient returned 6 weeks later with a new significant injury.
Our study was limited by the biases inherent to retrospective chart reviews. The use of coded discharge diagnoses to identify patients for inclusion may have resulted in relevant cases being unintentionally excluded due to incorrect documentation. Similarly, incomplete documentation resulted in a number of cases with missing data. In addition, details on patient outcomes were extracted from documentation at a single site. Patients may have re-presented to other hospitals or may have died after discharge without re-presentation to a hospital. This is unlikely as the study site is one of only two major paediatric trauma and neurosurgical hospitals in Sydney, and the other site is geographically distant. The single site of the study (a referral paediatric centre) also limits the generalisability of the results.
Another limitation of our study was the lack of data on the prevalence of confirmed inflicted injury in our study population. While a number of our patients were referred to the CPU and FACS, the outcomes of any investigations conducted were not available to the study investigators. We were also unable to define the level of suspicion for inflicted injury. Further research is required to review this dataset in conjunction with the CPU and FACS records to allow further discussion of the role of suspected or confirmed inflicted injury in the investigation of these patients.
There is no doubt that infants presenting more than 24 h after head injury with a scalp haematoma are at risk of inflicted injury, and all patients should undergo a thorough clinical risk assessment. The total number of patients with confirmed inflicted injury is likely to be small, which raises an important question. Does the benefit of being able to diagnose a high risk of inflicted injury in a small number of patients outweigh the risk of ionising radiation and sedation in a much larger population, especially when CT is very unlikely to alter neurosurgical management of these patients? This remains an area for future research and debate.
Conclusions
Well-appearing infants presenting after 24 h with isolated scalp haematomas had good short-term outcomes despite a high prevalence of underlying injury on imaging. Expectant management, rather than imaging, may be a valid approach in this patient population. However, some of these injuries may have been the result of an inflicted injury, and all of these patients require a robust assessment for the possibility of inflicted injury regardless of the decision to perform a CT scan.
